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BACKGROUND 


—An  underwater  inspect! m  of  the  condition  of  the  mooring  chains 
of  the  ARDM-2,  USS  ALAMOGORDO,  moored  in  the  Cooper  River  at  the  U.S. 
Naval  Ammunition  Depot,  Charleston,  S.C.,  was  requested  of  the  Ocean 
Engineering  and  Construction  Project  Office  (FPO-1)  and  the  Underwater 
Construction  Team  One  (UCT-1)  by  the  Naval  Facilities  Engineering 
Command  by  COMNAVFAC  msg  101944Z  August  1978.  FPO-1  was  tasked  to 
provide  the  inspection  criteria  and  procedures,  provide  an  on-site  field 
engineer,  interpret  the  data  and  prepare  the  inspection  report.  UCT-1 
was  tasked  with  performing  the  underwater  inspection.  The  mooring 
inspection  plan  is  provided  as  Appendix  1  and  the  mooring  inspection 
was  completed  in  November  1978. 


SCOPE 


■rThis  report  describes  the  inspection  procedures,  inspection 
equipment,  inspection  criteria  and  summarizes  the  obtained  data. 
Recommendations  concerning  the  derating  of  the  ARDM-2  mooring  chains 
which  did  not  meet  the  prescribed  criteria  are  presented.  Precautions 
to  be  followed  in  future  inspections  and  potential  areas  are  discussed.^ 

APPROACH 

The  basic  guidelines  for  the  mooring  inspection  were  provided 
in  the  "ARDM-2  Mooring  Inspection  Plan,"  Appendix  1.  Single  and 
double-link  calipers  that  were  machined  to  80%  and  90%  of  the  standard 
chain  dimensions  were  used  to  make  the  measurements.  The  diver  cleans 
marine  growth  and  corrosion  products  from  the  chain  and  attempts  to 
slide  the  90%  calipers  or  the  80%  calipers  over  the  chain  section  to 
be  measured.  This  measurement  quickly  and  reliably  indicates  whether 
the  measured  section  was  greater  or  less  than  the  nominal  measurement. 

The  underwater  Ag-AgCl  voltmeter  was  used  to  obtain  an  indication  of 
the  corroding  potential  of  the  chain  at/or  near  the  surface  or  at  the 
lowest  position  where  readings  on  the  digital  indicator  are  discernible. 
The  divers  utilized  MK-1  diving  gear  with  surface  communication  equipment 
and  a  diesel  operated  air  supply. 
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INSPECTIOiN 


The  inspection  procedure  was  varied  slightly  from  the  procedure 
outlined  in  Appendix  1,  as  follows: 

a.  One  thickness  measurement  was  taken  on  the  chain  at  the 
water  surface  or  near  the  AKDM. 

b.  because  of  the  decrease  in  visibility  along  the  chain, 
measurements  were  taken  at  10  foot  intervals  of  water  depth 
as  determined  by  the  surface  depth  indicator  of  the  surface 
itipiipment  and  at  the  position  where  the  chain  entered  the 
tiottora  mud. 

c.  Underwater  voltmeter  readings  were  obtained  near  the  .ARDM 
.:i\d  the  lowest  position  where  the  unden^ater  voltmeter 
'■ndicator  was  visible. 

d.  Bearings  of  the  anchors  were  not  obtained  because  all 
anchor  lines  either  dropped  vertically  into  the  mud 
of  the  dredged  area  of  the  ARDM-2  mooring  site  or 
entered  the  mud  in  the  dredged  area  within  50  feet  of 
the  .AKOM.  Changes  in  current/tide  direction  and 
changes  in  wind  direction  resulted  in  a  continual 
slight  variation  in  the  angular  relationship  between 


A  copy  of  inspection  form  for  each  leg  is  provided  in  Appendix  2.  In 
accordance  with  the  downgrading  criteria  provided  in  the  "Design  Manual 
for  Harbor  and  Coastal  Facilities,"  NAVFAC  DM  26 , reference  (1)  and 
"Mooring  Maintenance"  NAVFAC  MO-124,  reference  (2)  and  the  guidance 
provided  in  Appendix  1  and  recommended  in  reference  (3) ,  some  of  the 
chains  in  the  ARDM  moor  were  required  to  be  downgraded  and  re-classified 
to  the  load  capacity  of  the  next  lower  standard  size  chain. 

The  measured  chain  diameter  on  the  ARDM-2  mooring  legs  A,  B,  C,  D, 

H,  and  M,  (see  Figure  1)  exceed  90%  of  the  original  chain  diameter  and 
did  not  require  downgrading  in  capacity.  The  measured  diameter  on  the 
ARDM-2  mooring  legs  E,  F,  G,  and  K  exceed  80%  of  the  original  chain 
diameter  and  should  be  downgraded  in  capacity  to  the  next  largest  standard 
chain  size.  The  ARDM-2  mooring  legs  I,  J,  and  L  were  not  inspected  because 
auxiliary  barges  attached  to  the  ARDM-2  presented  a  possible  safety  hazard 
to  the  divers.  These  chains  should  be  tentatively  downgraded  in  capacity 
to  the  next  largest  standard  chain  size. 

The  adequate  capacity  of  a  mooring  chain  should  be  based  upon  the 
capability  of  the  weakest  link  to  withstand  the  maximum  design  loads  antici¬ 
pated  for  the  moor.  The  maximum  design  loads  for  the  ARDM-2  original 
mooring  design  are  tabulated  in  Appendix  3.  The  mooring  components  that 
form  the  weakest  portion  of  each  mooring  leg  are  tabulated  in  Appendix  4. 
The  chain  size  that  corresponds  to  the  smallest  size  of  an  anchor  joining 
link  or  chain  joining  link  is,  also,  tabulated  in  Appendix  4.  The  working 
capacity  of  downgraded  chains  Ls  tabulated  in  Appendix  5.  The  present 
capacity  which  includes  the  d<nvnrated  capacity  of  each  mooring  leg  is 


(4) 


W 


W’  ■ 


'wm 


sunimarised  in  Table  1  and  it  shows  that  the  working  capacity  of  ail 
mooring  lines  exceed  the  design  load  of  120,000  lbs. 

If  all  of  the  chains  were  to  be  downgraded  in  capacity  at  a  future 
inspection,  the  rated  capacity  of  each  leg  for  this  downgrading  is 
summarized  in  Table  2  and  it  shows  that  the  capacity  of  the  mooring 
legs  still  exceeds  the  design  load  of  120,000  lbs. 

SINGLE  AND  DOUBLE-LINK  MEASUREMENTS 

The  standard  double-link  measurement  criteria  is  based  upon  80% 
and  90%  measurement  of  double  the  single  wire  measurements.  These 
measurements  are  intended  to  indicate  whether  or  not  the  chain  links 
have  been  degraded  by  the  combined  action  of  wear  and  corrosion.  The 
predominant  mode  of  degradation  of  a  suspended  mooring  chain  will  result 
from  crevice  corrosion  at  the  chain  link  interface.  In  most  forms  of 
crevice  corrosion,  one  boundary  or  side  of  the  crevice  will  be  degraded 
more  than  the  other  side.  As  the  chain  links  flex,  the  corrosion  products 
are  removed,  a  tighter  crevice  is  formed  and  the  process  keeps  repeating 
itself-  If  this  degradation  cycle  only  degrades  the  one  link,  the  capacity 
of  the  mooring  chain  is  degraded  to  a  greater  extent  than  initially  indicated. 

As  an  extreme  example,  assume  a  nominal  double-link  measurement  of  a 
2  inch  chain,  i.e.  90%  of  a  double-link  measurement  is  0.90  (4.00)  = 

3.60  inches,  removes  0.40  inches.  This  amount  removed  from  a  single-link 
results  in  the  removal  of  80%  of  the  chain  link  and  under  the  present 
criteria  the  chain  must  be  removed.  Since  Che  single  link  measurement 
does  not  measure  the  diameter  of  Che  link  at  the  site  of  the  crevice,  the 
capacity  of  the  chain  is  lik=‘l.y  to  be  ov,-?rrated.  AJdicional  examinations 
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of  worn  chains  or  mooring  components  that  :ave  been  utilized  in  actual 
moors  should  be  conducted  before  the  doub  I. ’•-link  criteria  is  considered 
to  be  a  mandatory  criteria.  Also,  mooring  components  that  are  situated 
in  the  portion  of  the  moor  which  experiences  a  continual  flexing  should 
be  measured  in  order  to  verify  the  valic. : ty  of  single  and  double-link 
criteria. 

COMPARISON  OF  THE  DESIGN  LOADS  WITH  MOORi.'iG  CAPACITY 

In  order  to  evaluate  whether  or  not  a  mooring  chain  or  any  component 
of  a  moor  can  meet  the  anticipated  desLjri  requirements,  the  as-built 
drawings  and  the  original  or  revised  calculations  should  be  considered 
before  downgrading  or  replacing  a  mooring  component.  In  evaluating  the 
mooring  for  the  ARDM-2,  the  as-built  drawings,  reference  (4),  the  results 
of  the  original  design  loads,  Appendix  3,  and  a  quick  check  of  the  chain 
tension  and  scope,  Appendix  6,  were  conducted  to  assure  the  adequacy  of 
the  mooring  design.  The  results  are  provided  in  Table  3  and  show  that  the 
maximum  line  tension  under  the  design  loading  is  122,000  lbs.  This  is 
approximately  10,000  lbs  lower  than  the  working  capacity  tabulated  in 
Table  1  and  approximately  4,500  lbs  lower  than  the  maximum  working  capacity 
shown  in  Table  2.  Also,  under  the  design  loads  suEficient  chain  will  remain 
on  the  bottom  to  insure  that  a  0°  angle  is  maintained  between  the  chain  and 
the  anchor.  According  to  the  as-built  drawings,  the  design  holding  capacity 
of  the  25,000  lb  anchors  is  125,000  lbs,  therefore,  the  maximum  design  load 
of  122,000  lbs  will  not  exceed  the  anchor  holding  capacity. 


UNDERWATER  VOLTMETER  READINGS 


Underwater  potential  readings  depend  on  many  variables  such  as 
resistivity  of  the  water,  water  flow  past  the  measured  point,  and  relative 
position  of  anodic  and  cathodic  areas.  Since  the  river  along  the  ARDM 
is  dynamic  and  subject  to  periodic  infringement  by  salt  water  wedges 
from  the  sea  and  fresh  water  runoff,  the  water  chemistry  is  highly  varia¬ 
ble.  The  dynamics  of  active  and  passive  areas  on  the  steel  surface  and 
the  degree  of  crevice  corrosion,  fretting  corrosion,  general  corrosion, 
pitting,  etc.,  of  slowly  flexing  chain  creates  a  local  environment  with 
varying  stable  potentials  at  particular  instances  of  time.  Further 
details  on  the  variation  of  potential  readings  to  the  test  location  and 
environment  are  contained  in  references  (5)  through  (8) .  Due  to  the 
possible  variations  in  the  potential  reading  at  the  testing  point,  a 
conclusive  interpretation  concerning  the  significance  of  the  measurements 
with  respect  to  the  condition  of  the  chain  cannot  be  made.  The  readings 
will  be  kept  on  file  for  future  reference  and  comparison  purposes. 


ARDM-2,  IMPRESSED  CURRENT  SYSTEM 


The  impressed  current  system  for  the  ARDM-2  consists  of  two-300  amp 
capacity,  SCR  controlled  constant  potential  systems.  The  systems  are  set 
to  provide  a  constant  negative  potential  of  -0.85  volts  and  the  recorded 
check  voltages  show  that  the  potential  has  remained  between  0.84  and  0.89 
negative  volts.  The  amperage  records  show  that  each  of  the  two  systems 
have  been  providing  a  varying  amperage  output  from  10-30  amps  to  a  maximum 
of  130-250  amps.  At  the  time  of  the  inspection  of  the  anchor  chains,  the 
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ship's  personnel  asked  whether  or  not  the  system  was  operating  correctly 
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and  whether  or  not  there  was  a  logical  explanation  for  the  continual 


output  of  150  to  250  amps  by  both  systems.  A  review  of  the  regular 
voltage  and  amperage  records  along  with  information  concerning  the 
utilization  and  location  of  the  ARDM-2  at  various  times  revealed  the 
following: 
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a.  The  current  demand  increased  during  movement  of  the 
ARDM-2  from  moorings  just  off  the  Charleston  Harbor 
State  Port  Authority,  off  the  Charleston  Naval  Ship¬ 
yard,  to  the  Naval  Ammunition  Depot  on  the  Cooper  River. 

b.  Current  demand  increased  when  additional  barges  were 
securely  attached  to  the  ARDM-2  and  when  the  ARDM-2 
contained  other  ships  for  repair  and  outfitting. 

c.  Current  demand  increased  when  there  was  increased 
release  of  freshwater  from  an  upstream  dam  or  during 
periods  of  wet  weather. 


Among  the  many  logical  explanations  for  this  varying  increase  in 
amperage  that  is  required  to  maintain  the  proper  control  potential  of 


a  negative  0.85  volts  are  the  following: 


a.  The  resistivity  of  the  water  would  increase  during 
transfer  of  the  ARDM-2  from  the  Port  Authority  and 
the  Charleston  Harbor  to  the  position  on  the  Cooper 
River. 

b.  The  resistivity  of  the  water  would  increase  during  additional 
release  of  fresh  water  from  upstream  dams  or  runoff  from 
rainwater. 

c.  The  polarization  of  localized  anodic  and  cathodic  areas 
was  removed  by  the  flow  of  water  past  the  ARDM-2. 

d.  The  area  requiring  protection  by  the  impressed  current 
system  increased  when  additional  barges  were  attached 

to  the  ARDM  or  ships  requiring  repair  or  outfitting  were 
loaded  into  the  ARDM. 
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Although  many  other  factors  could  contribute  to  the  increased 
demand  in  current,  the  above  mechanisms  are  the  most  probable  causes. 
Additional  information  can,  also,  be  obtained  in  the  article  "Application 
of  Automatic  Potential  Controlled  Rectifiers  in  Sea  Water  Cathodic  Pro¬ 
tection"  by  C.R.  Ferry  in  reference  (9). 
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If  the  capacity  of  the  rectifiers  is  exceeded,  the  most  practical 
solution  is  to  attach  auxiliary  sacrificial  zinc  anodes  to  the  barges 


that  are  attached  to  the  ARDM  or  attach  zinc  anodes  to  the  ARDM  at 


locations  remote  from  the  impressed  current  anodes.  A  convenient  method 


of  attaching  au:iiliary  zinc  anodes  is  to  rig  150  lb  zinc  anodes  in  a  flexible 


cable  ladder  and  firmly  secure  the  ladder  to  port  and  starboard  sides  of 
the  barge  or  ship.  When  the  barge  is  removed  from  the  ARDM  or  the  ARDM 
changes  locations,  the  sacrificial  zinc  anodes  can  be  stored  aboard  the 
ship  until  needed.  These  auxiliary  anodes  should  be  removed  prior  to 
towing  or  movement  of  a  barge  or  ship  to  another  location. 

The  previously  cited  reference  by  C.R.  Ferry  discusses  the  use  of 
sacrificial  anodes  in  conjunction  with  an  impressed  current  system  and 
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various  environmental  effects  that  will  change  the  operational  character¬ 
istics  of  the  system. 

SOtMARY  0?  RESULTS 

The  following  items  summarize  the  results  of  the  inspection  of  the 


ARDM-2,  USS  ALAMOGORDO,  moored  at  the  U.S.  Naval  Ammunition  Facility  on 


the  Cooper  River  near  Charleston,  S.C.: 
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a.  The  chain  capacity  of  legs  E,  F,  G,  and  K  should  be 
downgraded  to  the  next  largest  chain  size  on  the  basis 
of  actual  measurements  and  the  chain  capacity  of  legs 
I,  J,  and  L  should  be  tentatively  downgraded. 

b.  The  mooring  capacity  of  the  ARDM-2  in  the  Cooper  River 
exceeds  the  design  capacity  of  the  moor  and  does  not 
require  removal  or  replacement  of  any  mooring  com¬ 
ponents  at  the  present  time. 

c.  The  ARDM-2  mooring  will  exceed  the  design  capacity  of 
the  moor  even  if  the  lines  that  did  not  require  down¬ 
grading  and  the  downgraded  lines  are  downgraded  to  the 
next  lower  chain  size  in  the  future. 

d.  The  scope  of  the  mooring  lines  is  sufficient  to  keep  the 
anchors  from  lifting  from  bottom  even  under  maximum 
design  loads. 

e.  The  varying  measurements  obtained  by  the  underwater 
voltmeter  cannot  be  used  to  predict  the  condition  or 
future  condition  of  this  moor. 

f.  The  anchor  capacity  of  the  anchors  used  in  the  ARDM-2 
moor  exceeds  the  original  design  loads. 


RECOMMENDATIONS  AND  CONCLUSIONS 


The  presence  of  an  impressed  current  system  or  a 
sacrificial  anode  system  should  be  known  prior  to 
a  diver  inspection. 

The  as-built  drawings  and  the  original  or  anticipated 
design  loads  for  a  particular  mooring  system  should  be 
verified  prior  to  inspecting  a  moor. 

The  mooring  capacity  of  a  moor  should  be  dependent 
upon  the  capacity  of  downgraded  components  and  should 
not  be  downgraded  just  on  the  basis  of  a  percent  change 
of  a  particular  measurement. 

The  validity  of  the  double-link  chain  measurements  should 
be  verified  because  corrosion  and  wear  probably  does  not 
uniformly  degrade  both  parts  of  a  crevice/ joint  uniformly. 

The  validity  of  the  single-link  inspection  of  suspended 
mooring  chains  should  be  verified  because  of  the  joint 
or  fretting  surface  of  a  mooring  chain  cannot  usually  be 
inspected  in  a  diver  operation. 
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MOORING  LEG  WORKING  CAPACITY 


TOAKEST  LINK 


WORKING  CAPACITY* 
(lbs) 


2-3/16"  Stud  Link  Anchor  Chain 


131,915 


2-3/16"  Stud  Link  Anchor  Chain 


131,915 


2-3/4"  Stud  Link  Chain 


206,130 


Downgraded  2-3/4"  Stud  Link  Chain 
to  2-5/8"  Chain 


188,870 


TABLE  2. 


FUTURE  DOWNGRADED  MOORING  LEG  WORKING  CAPACITY 


LEG 

WEAKEST  LINK 

WORKING  CAPACITY* 
(lbs) 

A,B,C 

2-3/16"  Chain  Downgraded  to 

2-1/8"  Chain 

126,540 

D,H,M 

2-3/4"  Stud  Link  Chain 

Downgraded  to  2-5/8"  Chain 

188,870 

e,f,g 

I,J,K,L 

2-3/4"  Chain  Downgraded  in 

Capacity  Twice  to  2-1/2"  Chain 

172,270 

*Based  upon  0.35X  Breaking  Strength 


TABLE  3. 


tension  and  %  of  chain  lifted  from  bottom 


\X.  TENSION 
(kips) 

CHAIN  LIFTED 
2-3/4"  Chain 

FROM  BOTTOM 
2-3/16"  Chain 

107.4 

0% 

65.4% 

101.3 

28.5% 

100% 

101.2 

24.8% 

100% 

108.1 

81.1% 

— 

108.1 

47 . 7% 

— 

108.6 

81.2% 

— 

108.6 

48.5% 

— 

116.0 

84.0% 

— 

116.0 

49.4% 

— 

122.0 

86 . 2% 

— 

122.0 

50.7% 

— 

117.0 

84.4% 

117.0 

84.4% 

— 

*As-B'iiiC  configuration,  including  Rev.  D 
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BACKGROUND 


The  Ocean  Engineerir.g  nncl  Construction  Project  Office  (FPO^i}  of  the 
Chesapeake  Division  and  Underwater  Construction  Team  (UCT)  One  have 
been  tasked  by  NAVFACE.'-.v^iCOM  to  conduct  an  underwater  inspection  of  an 
ARDM  mooring  (figures  1,  i;,  3,  4)  at  Charleston,  SC  (figure  5).  FPO-1  is 
tasked  by  COMNAVFAC  Msg  101944Z  Aug  78  to  provide  the  inspection 
criteria  and  procedures ,  record  and  interpret  the  data  and  write  the  inspec¬ 
tion  report.  UCT  One  is  tasked  with  performing  the  underwater  inspection. 

UNDERWATER  INSPECTION 

General  Procedure 


The  inspections  are  intended  to  be  a  quick,  economical  method  of 
establishing  the  general  condition  of  moorings.  The  procedures  are 
derived  primarily  from  CEL  T^^  No.  M-42-78-12  entitled  "San  Diego  Fleet 
Mooring  Inspection"  but  are  intended  to  be  complete  without  referring  to 
the  reference  document.  The  information  derived  from  these  inspections 
is  suitable  for  maintenance  decisions  of  extent  and  scheduling  of  overhauls 
and  certifications  of  the  class  of  moorings . 

An  initial  diving  check  shall  be  performed  to  verify  the  drawings 
(YMD  Drawing  No.  1046632)  or  parts  lists  of  each  mooring  (figures  1,  2, 
3,4).  Assuming  these  documents  are  up  to  date,  the  divers  can  make 
simple,  fast  "go,  no-go"  measurements  to  establish  the  mooring  condition 
on  the  ascent.  If  the  mooring  is  not  as  in  the  drawings,  an  inventory  of 
what  is  present  must  be  taken  before  these  measurements  can  be  made. 

Each  leg  of  the  mooring  shall  be  visually  inspected  from  the  surface 
until  it  becomes  buried  in  the  seafloor  or  about  30  feet  past  the  wearpoint 
(where  the  chain  is  picked  up  and  set  down  on  the  bottom  by  tides  and 
waves)  wich  ever  comes  first.  Bearing  should  be  taken  on  this  end  point 
to  determine  the  general  mooring  layout  when  possible  by  using  a  compass 
The  visual  inspection  should  identify  and  record  any  obvious  weak  points 
in  the  chain  such  as  cracked  links,  highly  corroded  sections,  inoperative 
shackles  and  swivels,  fouling  by  extraneous  wire  rope  or  chain,  and  con¬ 
dition  of  joining  links  and  corrosion  protection. 

Measurements 


The  inspection  consists  of  measuring  the  chain  to  determine  the  amount 
of  corrosion  and  wear.  Ciiain  which  is  less  than  90"-  of  its  original  diameter 
should  be  downgraded  in  classification;  chain  which  is  loss  than  80%  of  its 
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Maasurer.ie-~*/-S>  (continued) 

original  diameter  should  be  replaced.  Single  and  double  link  me.i-jurement.s 
should  be  performed  as  in  figure  6  at  a  randomly  selected  set  of  links,  at 
areas  listed  below.  Single  link  measurements  on  the  wire  diameter  of  a 
single  A-link  shall  be  performed  to  detect  corrosion  loss;  double  link 
measurements  shall  be  taken  where  the  two  A-links  contact  in  order  to 
detect  wear.  Single  link  measurements  should  be  made  on  three  ditferenl 
diameters  on  the  same  approximate  cross-section  as  shown  in  figure  6.  The 
double  link  measurements  should  be  made  on  three  adjoining  links  as  shown 
in  figure  6. 

The  recommended  procedure  for  two  divers  doing  an  inspection  is 
as  outlined  in  CEL  TM  No.  M-42-78-12  and  repeated  below.  One  diver 
carries  the  voltmeter  and  the  inspection  form  taped  to  a  slate  (when  MKl 
is  used  results  can  be  recorded  on  surface  instead)  .  Diver  1  removes  the 
growth  and  corroded  materials  down  to  bare  metal,  makes  the  caliper 
measurements  and  signals  the  results  to  diver  2  for  recording  on  an 
inspection  form  taped  to  slate  or  transmitting  using  MKl  communications 
to  the  FPO-I  representative  on  the  surface.  Diver  2  then  takes  the  volt¬ 
meter  readings  and  records  or  transmits  them  likewise. 

Location  of  Measurements 


A  selective  measurement  approach  should  be  utilized.  Areas  which 
ai*e  known  to  corrode  or  wear  rapidly  shall  be  subjected  to  detailed 
inspection.  These  areas  include  the  following: 

a.  Chain  just  below  where  it  is  connected  to  the  ARDM 

b.  Chain  at  three  equally  distributed  depths  along  the  riser 

c.  Chain  at  the  wear  point  (where  the  chain  is  picked  up  and  set 
down  on  the  bottom  by  tides  and  waves)  which  can  be  identified  by  less 
fouling  or  clean  chain. 

d.  For  the  bowlines,  measurements  should  be  performed  midway 
on  the  2  3/16"  chain,  on  both  sides  of  the  2  1/4"  anchor  joining  link  (AJI.)  , 
midway  on  the  2  3/4"  chain,  and  at  the  wearpoint.  If  possible  the  chain  in 
the  hawse  pipe  should  also  be  inspected.  A.nchor  joining  links  should  be 
visually  inspected.  Anchors  should  also  be  inspected  when  visible. 
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•  1  oul/-'  be  specially  made  in  advance.  Si;;es  required  ior  the 
'  -;.'..ovlng  inspection  include  2.48'’  (90%  of  2  3/4'’) »  Z.2Q" 

(90%  double  link  for  2  3/4"  chain)  ,  4.40"  (30%  double 


Vi 


Calip  e : 

Charleston  .Vv 
(80%  of  2  3/-  )  ,  4. 

link  for  2  3/1"  chain),  1.97"  (90%  of  2  3/16") .  1.75"  (80%  of  2  3/la").  3.94" 
(90%  double  bnk  for  2  3/16"  chain,  and  3.50"  (80%  double  link  for  3  3/16" 
chain)  .  All  calipers  should  be  accurately  machined  to  .005  inches. 


A  re  ^on  rr.eaded  type  of  gage  is  the  back  to  back  type  (figure  7)  . 

Each  should  i  -?.  marked  so  they  can  be  identified  by  feel  underrwaisr.  This 
marking  can  b>.  accomplished  by  v/rapoing  tape  around  each  gage  to  clearly 
identify  the  rfs":^nce  between  the  80%  and  90%  calipers. 


Cleaning  tools  such  as  a  chipping  hammer  and  a.  wire  brush  are 
required  for  cleaning  growth  and  corroded  material  from  the  chain  prior  to 
taking  measurements. 


The  invoection  form  (figure  8)  is  set  up  for  use  on  each  leg.  The 
"other"  locations  can  be  used  for  the  extra  locations  needed  to  be  inspected 
on  the  bowline^  or  other  areas  that  may  show  up  during  the  visual  inspection. 

Pv.eoortir.2 


Dive  :  -i  '  hall  provide  rdl  inspection  data  to  the  on-site  F?0-1  engineer 
v.'lto  shall  up  the  inspection  completion  report  and  designate  the  status 

of  each  inspected  line,  i.e.  ,  downgrade,  replace,  or  acceptable  as  is. 


a.V.Vp-c'-n 

W  »  *  «  '  • 


rm 


xm  xm 


w 


m 


w 


m  w  m 


o 

C’l 


Cl 


M 

1-1 

O 


F-?  M  O 


f;: 

O 

fi. 

w 

tc; 


ct; 

o  • 

O  O') 


OJ 

J. 

O  ■ 


CJ 

p-l 

Cfi 


o 

EH 

cn 

C4 

v1 

« 

O 


1-1  w  •=; 

E-<  M  O 

rs 

o  o  • 

O  CO 


r--:  I  o 
o  E-i 

M  Pi  tJ-> 
E-1  pj  W 
o  <; 

^  si 


r  ■  '  ■  ■ 

i  -  fc  »  ^ 

.  ■  - 

i 

O 

* 

4-^ 

1 

1 

X 

c: 

1 

o 

•H 

P 

♦  H 

X 

O 

T5 

V) 

•H 

rt 

1 

■M 

c 

•iH 

rH 

t/) 

1 

‘H 

•H 

X 

> 

•H 

•H 

►-H 

Xi 

c 

ca 

•  H 

ra 

•  H 

•- 

•H 

o 

a?" 

o 

t/) 

p- 

•H 

»r^ 

— 

•H 

»/> 

X 

> 

X 

ci 

•  H 

> 

•rt 

■p 

> 

01 

> 

ra 

t/) 

•r1 

o 

•H 

c 

O 

o 

■D  • 

o 

> 

•H 

p 

X 

23 

f-^ 

•M 

t/i 

CO 

p 

P 

1  3: 

i 

C3 

1 

•H 

1 

1 

O 

•  r-4 

-  o 

O 

>i 

pH 

* 

c 

rt  -O 

•H 

O 

O 

u 

LTJ 

•H 

o 

O 

•H 

-a 

CM 

to 

a 

to 

Xi 

•rj* 

•P 

U  B 

o 

o 

(N 

Gi 

1 

W 

CO 

^■. 

C) 

pt 

CO 

f:0 

( 

5.5 

r—l 

;  i 

•  • 

M 

Cl 

r  1 

f; 

.' 

•  * 

Cl 

SUMMARY  OF  ORIGINAL  DESIGN  LOADS  FOR  ARDM-2  SPREAD  MOORING 


The  followiag  design  loads  were  obtained  from  Mr.  Don  Potter 
and  are  based  on  the  original  design  of  the  "ARDM-2  Spread  Mooring" 
U.S.  Naval  Ammunition  Depot,  Charleston,  S.C.,  Yards  and  Docks 
Drawing  No.  1046632: 

9.5  Draft,  Wind  =  70  MPH  @  60°,  Current  =  3  Knots  @  0° 

A  =  10,400  lbs 

B,C  =  54,500  lbs 

D,E  =  57,800  lbs  Used  60,000  lb  design 

F,G  =  58,100  lbs 

H,I  =  56,000  lbs 

J,K  =  54,500  lbs 

L,M  =  34,600  lbs 

20  Draft,  Wind  =  106  MPH  0  60°,  Current  =  3  Knots  @  0° 


A 

22,900 

lbs 

B,C 

= 

101,000 

lbs 

D,E 

= 

105,000 

lbs 

F,G 

= 

106,000 

lbs 

H,I 

= 

101,200 

lbs 

J,K 

= 

98,100 

lbs 

L,M 

= 

60,000 

lbs 

(43) 


20’  Draft,  Wind  =  106  MPH  @  120  ,  Current  =  2  Knots  @  180"’ 


=  60,900  lbs 

74,000  lbs 
=  80,000  lbs 

=  113,500  lbs 

=  119,500  lbs 

=  102,000  lbs 


FINAL  DESIGN 

20'  Draft,  Wind  =  106  MPH,  Current  3-2  Knots 


Max.  Line  Loads 


A  =  105,800  lbs 
B,C  =  101,000  lbs 
D,E  =  105,600  lbs 
F,G  =  106,100  lbs 
H,I  =  113,500  lbs 
J,K  =  119,500  lbs 
L,M  =  114,500  lbs 


All  lines  designed  for  120,000  lb  loads 


AS-BUILT  CONFIGURATION  ARDM  MOOR 


MOORING  LINE 


WEAKEST  COMPONENT 


Equivalent 
NEXT  COMPONENT=Chain  Size 


2-3/16”  Chain 


2-1/4  AJL  2-1/4" 

2-1/4  AJL  2-1/4" 


2-3/4  JL 


2-3/4" 


DOWNGRADED  STUD  LINK  CHAIN  WORKING  CAPACITY 


ORIGINAL 

DIAMETER 

(INCHES) 

DOWNGRADED** 

DIAMETER 

(INCHES) 

DOWNGRADED  BREAKING 

STRENGTH 

(POUNDS) 

DOWNGRADED  WORKING 
CAPACITY* 

(POUNDS) 

2 

1-7/8 

284,540 

99,590 

2-1/8 

2 

322,000 

112,700 

2-3/16** 

2-1/8 

361,530 

126,540 

2-1/4 

2-1/8 

361,530 

126,540 

2-3/3 

2-1/4 

403,100 

141,090 

2-1/2 

2-3/8 

446,660 

156,330 

2-5/8 

2-1/2 

492,190 

172,270 

2-3/4 

2-5/8 

539,620 

188,870 

2-7/8 

2-3/4 

588,930 

206,130 

3 

2-7/8 

640,070 

224,020 

3-1/8 

3 

693,000 

242,550 

3-1/4 

3-1/8 

747,680 

261,690 

From  Section  3,  Part  7.b,  PP.  2(c)  Working  Load  for  Used  Chain 
Downgraded  size  is  next  smaller  size  chain  in  Table  7-9,  DM-26. 
Size  not  listed  in  DM-26,  listed  as  chain  size  in  Baldt  Stud 
Link  Chain  Dimensions 


,  .  i 


MAXIMUM  CHAIN  TENSION  AND  SCOPE 


2-3/U"  Chain 
(kips) 


105.8 

101.3 

101.2 

108.1 

108.1 

108.6 

108.6 

116.0 

116.0 

122.0 

122.0 

117.0 

117.0 


2-3/16"  Chain 
(kips) 


107.4 

102.7 

102.6 


Chain 

Lifted 

Off  Bottom 

O'of  2 

-3/4", 

408’ of  2- 

3/16" 

lOl'of 

2-3/4 

250'of 

2-3/16" 

88*  of 

2-3/4" 

,  268'of  2 

-3/16" 

324.2* 

of  2-3/4"  Chain 

324.2' 

M 

It 

324.9’ 

It 

It 

324.9' 

II 

II 

336.0' 

It 

!l 

336.0' 

It 

tt 

344.6' 

II 

II 

344.6' 

II 

II 

337.4' 

It 

II 

337.4' 

It 

II 

